This study was conducted to determine the effects of management system (a floor housing (FH) versus a free-range housing (FRH) system) and dietary yeast autolysate (Saccharomyces cerevisiae) (1% versus 2% dietary supplement) on the performance, slaughter and carcass characteristics of partridges (Alectoris chukar). A total of 480 (240 for each management system) one-day-old male partridge chicks were randomly allocated to a control group and the two dietary groups per production system, each containing 80 chicks. Each dietary group was then divided into five replicate groups of 16 chicks. The study lasted 112 days. In terms of growth performance, partridges reared under FRH management system had a lower average daily live weight gain (ADG), a significantly higher feed intake (FI), and feed conversion ratio (FCR) compared to the control group. However, partridges fed diets with yeast autolysate had a significantly higher ADG, lower FI, and an improved FCR compared to the control group overall. The gizzard, leg, and wing percentages of the partridges reared in the FRH system were found to be significantly higher than those of partridges reared in the FH system, while the breast and abdominal fat percentages were found to be lower. Dietary supplementation with yeast autolysate significantly increased the cold carcass yield and breast percentage when compared to the control group, while wing and abdominal fat percentages were decreased. In general, best performance was observed in the dietary supplementation group of 1% yeast autolysate in terms of growth and carcass parameters. When considering the fact that partridges are gamebirds, that housing poultry in cage production systems has been prohibited in recent years and that there are positive effects associated with using yeast autolysate as a prebiotic, it is recommended that a free-range production system should be used for partridge breeding, with the addition of 1% yeast autolysate to the diet of the birds.
Introduction
fear and stress, is a cause of welfare issues and limits many important behaviours in terms of physical and mental health (Yenilmez & Uruk, 2016; Simsek et al., 2017) . Although partridges have been reared domestically in floor housing (FH) systems for many years, they are classified as "wild birds" when compared to other poultry species. Consideration of the management or housing system is important for individuals who consume gamebird meat, since the meat of gamebirds is more of a delicacy than that of domesticated poultry and it is more light as a meal than that of wild birds. Gamebirds reared in a free-range housing (FRH) system have more freedom of movement and, for this reason, have lower body fat percentages when compared to domesticated birds and those reared in cage production systems. In addition, providing poultry with free areas under managed conditions is an efficient method to obtain a flavour that is similar to the meat of gamebirds reared in the wild. The use of FRH in production systems has become widespread in the light of directives of the European Union, and due to consideration of the positive effects of the FRH system and the negative effects of the FH system on production (Yamak et al., 2016; Yenilmez & Uruk, 2016; Simsek et al., 2017) . For instance, Yamak et al. (2016) found that partridges that were reared in a barn had higher carcass parameters (except for wing percentage) than those reared in free-range systems.
Since the use of antibiotics in poultry diets to increase performance was banned in 2006 in European Union countries, several studies have been conducted into the use of natural additives as alternatives to antibiotics (Castanon, 2007) . Therefore, numerous studies conducted in recent years have examined the use of various yeasts and yeast-products in poultry diets, including inactive dry yeast, yeast culture, yeast autolysate, yeast cell walls, and live yeast, as alternative natural growth and performance enhancers (Bonos et al., 2010; Aydin & Aydin, 2012; Mousa et al., 2014) . In particular, yeast autolysate, containing yeast cell walls obtained from inactive yeast, is a prebiotic and a good source of nutrients, containing β-glucans, mannan-oligosaccharides (MOS) that shift the gastrointestinal microflora balance towards beneficial organisms, proteins, lipids, and chitin (Patterson & Burkholder, 2003; Nikpiran et al., 2013) . Moreover, yeast autolysate has performance-enhancing effects when used as a feed supplement for poultry (Bolacali & Irak, 2017) . Khaksar et al. (2014) conducted a study, and found that using prebiotics in partridge diets reduced the feed intake and back-neck percentage and increased the breast and intestine percentages.
The production of partridge has become widespread in recent years. Determining suitable breeding systems for partridges and adding dietary prebiotics are important in terms of reducing economic losses during the growth period and ensuring higher performance. However, studies conducted into various breeding systems on the use of dietary supplementation with yeast autolysate as an alternative to antibiotics and the effects of this additive on performance in partridges, are lacking. The aim of this study was therefore to determine the effects of dietary yeast autolysate and different management systems on performance, slaughter, and carcass characteristics in partridges.
Materials and Methods
This experiment was conducted at the Yuzuncu Yil University Wild Animals Conservation and Rehabilitation Application and Research Center. All animal-use protocols were performed in accordance with the guide of Application and Research Center and Directive 2010/63/EU of the European Parliament and Council of 22 September 2010, on the protection of animals used for scientific purposes.
A total of 480 (240 in FH and 240 in FRH-system) one-day-old male chicks (Alectoris chukar) were randomly allocated to a control group and two experimental dietary groups per production system, each containing 80 chicks. Each dietary group was then divided into five replicate groups of 16 chicks. Cetin and Kirikci (2000) reported that the optimal stock density for partridge raising was 600 cm 2 /partridge. The chicks of all the replicate groups for the floor housing (FH) system were housed in cages measuring 0.46 x 2.06 x 0.30 m in width, length and height, respectively (592 cm 2 /chick). The chicks of all the replicate groups for the free-range housing (FRH) system were housed in cages measuring 2.0 x 2.0 x 3.0 m in width, length and height, respectively (2500 cm 2 /chick). At 56 days of age, 24-hour access was given to the chicks in the FRH system to outdoor pens measuring 6.0 x 2.0 x 3.0 m, through a door measuring 0.60 x 0.60 m (7,500 cm 2 /chick). A 24-h light regime was applied at 1 -3 days of age, which was reduced gradually to 14 h at 4 -56 days of age; this light regime was continued until slaughter.
The yeast autolysate (InteWall, S. cerevisiae, NCYC R 625, Integro Food and Feed Manufacturing Company, İstanbul, Turkey) which was used as a prebiotic in this study, consists of 92% dry matter, 40% crude protein, and 32% MOS and β-glucans. The study lasted 112 days. The partridges were initially fed a prepared starter diet (weeks 1 -8), followed by a grower diet (weeks 9 -16) (Table1). The raw nutrient contents of the mixed feedstock used in the study were determined in accordance with AOAC (2000) in the Laboratory for Animal Nutrition and Nutritional Diseases at the Faculty of Veterinary Medicine of Siirt University. The basal diets were supplemented with yeast autolysate instead of wheat bran, at levels of 0% (control), 1% (trial 1%), and 2% (trial 2%).The diets were offered ad libitum in mashed form and water was available at all times during the experimental period. The live body weight (LBW) (gram) of the chicks were recorded at hatching and then once weekly throughout the study. Overall weekly net feed consumption was calculated by measuring the daily leftover feed. Using this data, average daily live weight gain (ADG) (gram/day/bird), daily feed intake (FI) (gram/day/bird) and feed conversion ratio (FCR) (gram/gram) were calculated.
Experimental chicks were randomly selected on day 112 (feed was removed 8 h before sampling) after the LBW had been measured. A total of 180 partridges (90 FH and 90 FRH; 30 chicks randomly selected from those with the closest-to-average LBW from each trial group of both management systems; therefore six from each replicate group) were slaughtered.
The data were analyzed using a factorial model of the general linear model procedure in SPSS software (SPSS evaluation version 23.0; IBM Corp., Armonk, NY, USA). The interaction of production system and feed supplementation on live weight, ADG, FI, FCR, slaughter and carcass weights/percentages were determined using the PROC GLM procedure. The model used was:
Where: Y ijk is the response variable (live weight, ADG, FI, FCR, slaughter and carcass weights/percentages); μ is the overall mean common to all observation; PS i is the effect of production system (floor housing, free-range housing); FS j is the effect of feed supplementation (0%, 1%, 2%); (PS × FS) ij is the interaction of production system and feed supplementation; and ℇ ijk is the residual error.
Statistical significance was set at P ≤0.05. Differences within a significant effect were separated using Duncan's Multiple Range Test.
Results and Discussion
The poultry reared under FRH system have access to the outdoors and they can therefore consume grass, insects and worms in addition to their diets. Furthermore, access to the outdoors in this production system may play a role in the increasing the performance of poultry that is not completely domesticated, for example partridges, thereby improving animal welfare and reducing stress (Fanatico et al., 2005; Yamak et al., 2016) .
Hatching weights were 14.70 g and 14.80 g, 14.86 g and 14.70 g, and 14.77 g and 14.75 g for the control, trial 1%, and trial 2% groups in the free-range and cage management systems, respectively. The LBW results for birds fed different levels of yeast autolysate and for the different management systems, are indicated in Table 2 . The LBW of the partridges reared in the FH system were, at all time points (except for the 14 th day), higher compared to those reared in the FRH system (P <0.05). Dietary supplementation with yeast autolysate increased the LBW when compared to the control group on the 28 th (P <0.002), 42 nd (P <0.000), 84 th (P <0.023), 98 th (P <0.002), and 112 th (P <0.000) day across both production systems. These results were consistent with the results of a study conducted by Bolacali & Irak (2017) , reporting that adding yeast autolysate to quaildiets increased their live weights. The highest LBWs were determined in the trial 1% and 2% groups reared in the FH system. The interaction between production system and feed supplementation had no effect on LBW at any age. The growth performances of partridges raised in the different production systems and feed supplementation groups are presented in Table 3 . The ADG over the complete study period (4.43 -4.73 g/day/bird) was similar to the results reported by Arslan (2004) , lower than the results reported by Yamak et al. (2016) and higher than those reported by Khaksar et al. (2014) . The interaction between production system and feed supplementation had no effect on ADG during the starter, grower, and overall periods. The highest ADG was detected in the trial1% group in the FH system during the starter and overall periods, and in the trial 2% group in the FH system during the grower period. Dietary supplementation with yeast autolysate therefore increased ADG significantly during the grower and overall periods (P <0.042). The best performance was in the trial 2% group during the grower period (P <0.046), and in the trial 1% group during the overall period (P <0.000). In terms of production system, the best ADG performance was determined in the chicksreared in the FH systemduring the starter (P >0.008) and overall (P >0.000) periods. In this study, the FI during the overall period was 31.01 -31.90 g/day/bird, and this value was determined to be similar to the results reported by Arslan (2004) , lower than the results reported by Khaksar et al. (2014) and higher than the results reported by Sengul et al. (2005) . The interaction between production system and feed supplementation had no effect on FI at any time point (P >0.05), but the lowest FI was determined in the trial 2% group raised in the FH system across all periods. It was observed that the FI was higher in the FRH system compared to the FH system (P <0.001), across all periods. Lower feed consumption in the FH group has been associated with ease of maintaining temperature within the optimal range, due to higher storage densities. However, it is also possible to explain this as being due to the increased movement of partridges in the FRH system due to the decrease in the number of animals per unit area, leading to higher feed consumption in the partridges grown in the FRH system compared to that of the FH system (Esen et al., 2006; Ahammed et al., 2014) .
The FCR during the overall study period was 6.59 -7.21 g/g, similar to the results reported by Arslan (2004) , lower than the results reported by Khaksar et al. (2014) , and higher than the results reported by Gulsen et al. (2010) . The interaction between production system and feed supplementation had no effect on FCR across all periods. The lowest FCR was determined in the trial 1% group raised in the FH system during the starter and overall periods. During the overall period, the chicks reared in the FH system had a lower FCR compared to the chicks reared in the FRH system (P <0.000). The improvement in FCR in the FH groups may be associated with the fact that, since there is an area of 592 cm 2 /chick in this production system and 2500 + 7500 cm 2 /chick in the FRH system, the metabolic energy requirement in the FRH System is increased and a wider range of motion depending on the low stock density, the feed consumption is also increased when compared with those reared in the FH system (Sarica et al., 2009) . Dietary supplementation with yeast autolysate improved the FCR in both the FH and FRH groups across all rearing periods of the study (P <0.05). These results were similar to those found by Khaksar et al. (2014) in their study conducted on partridges.
It was determined that the addition of yeast autolysate exerted a positive effect on growth performance. This positive effect might be related to the effect of the MOS contained in the yeast autolysate, which decrease the reproduction of pathogenic bacteria in the digestive system, promote the health of the digestive system and increase the absorption of the nutrient elements (Mousa et al., 2014; Bolacali & Irak, 2017) . The differences in results between this and previous studies might stem from the partridge species used in the study, the compound and dose of the additives used in the feeds, or the management conditions.
As presented in Tables 4 and 5 , there were no effects of the interaction between production system and yeast autolysate on the weights and percentages of carcass parameters (P >0.05). The slaughter (P <0.000), hot carcass (P <0.000), cold carcass (P <0.000), liver (P <0.026), breast (P <0.000), back (P <0.005), and abdominal fat (P <0.000) weights in the FH groups were increased compared to those of the FRH groups. On the other hand, the gizzard (P <0.000) and wing (P <0.007) weights of the partridges reared in the FRH system were higher compared to those of the partridges reared in the FH system. This situation might be associated with the fact that the gizzards of the partridges reared in the FRH system were more developed compared to those of the partridges reared in the FH system, due to their scratching and pecking behaviour and their flying abilities may have been more developed, due to the decrease in stocking density. It was determined that the effects of production system on the carcass parameters (except for the weights of the liver and wings) were in accordance with the results reported by Yamak et al. (2016) .
When the results were analyzed in terms of the dietary supplementation with yeast autolysate, the trial 1% and trial 2% groups had higher slaughter, hot carcass, cold carcass, liver, breast, leg, and neck weights (P <0.000) compared to those of the control group, but abdominal fat weights were lower (P <0.002). The improved carcass parameters following the addition of yeast autolysate to diets might be associated with the fact that MOS, which is one of the components of the yeast autolysate, increases the heights of the villi in the intestines, as well as the digestibility of proteins (Spring, 1996; Yang et al., 2007) .
The average carcass yield in partridges is 72%, varying between 68% and 77% (Kokoszyński et al., 2013; Khaksar et al., 2014; Wnuk et al., 2014; Yamak et al., 2016) . In the present study, the carcass yield was from 71.01% to 73.05%, breast percentages were from 35.82%to 37.68%, and leg percentages were from 24.07%to 25.31% (Table 5 ). The carcass yield in the present study was similar to the results of Gulsen et al. (2010) , lower than the results of Yamak et al. (2016) and higher than the results of Cetin (2000) . The breast percentages found in the present study were similar to the results of Yamak et al. (2016) , but higher than the results of Gulsen et al. (2010) . The leg percentages were similar to the results of Yamak et al. (2016) , lower than the results of Khaksar et al. (2014) , but higher than those of Wnuk et al. (2014) . Thus, in terms of carcass yield, breast and leg percentages, the results of this study are within the range of literature estimates.
Poultry housed in FRH systems are more physically active and exhibit more natural behavior compared to poultry housed in FH systems (Nielsen et al., 2003; Leyendecker et al., 2005; SosnowkaCzajka et al., 2006) . In the present study, the gizzard (P <0.000) and leg percentages (P <0.04) in the FRH groups were elevated compared to those in the FR groups. This situation might stem from the fact that partridges reared in FRH are more active than those reared in FH, in terms of flying and litter-pecking. The fact that the gizzard percentages in FRH groups were highermay have been due to scratching, litter-pecking, and walking, which lead to more development of these muscles (Esen et al., 2006) . The hot carcass, breast, and abdominal fat percentages in partridges in the FH groups were higher than those in the FRH system (P <0.000). These results were in accordance with those reported by Yamak et al. (2016) . The lowest abdominal fat percentages were observed in partridges reared in the FRH system in the trial 2% group. The FRH system reduced the abdominal fat percentages in the partridges (P <0.000). The current finding was similar to the outcomes of research that indicated a significant impact of housing system on the relative abdominal fat weight and reported lower weights with free-range systems Pavlovski et al., 2009; Wang et al., 2009) .
In this study, the hot and cold carcass yields and breast percentages in the trial 1% group were higher than those of the other groups (P <0.000). Furthermore, the addition of yeast autolysate to the diet reduced abdominal fat percentage in a dose-dependent manner. Similar results, reported by Bolacali and Irak (2017) , determined that the addition of yeast autolysate reduced the abdominal fat ratio in quail. Meanwhile, Falaki et al. (2011) reported that MOS addition had no effect on the percentage of abdominal fat in broiler chicks.
Conclusions
Production systems did not have any significant effect on the carcass yield of partridges. Partridges reared in the FH system exhibited improved growth performance compared to those rearedin the FRH system; however, partridges reared in FRH had higher wing percentages and lower abdominal fat percentages compared to those reared in the FH system. The best growth performance, carcass yield, breast, and leg percentages were observed in partridges receiving 1% yeast autolysate in their diet. When considering the fact that partridges are gamebirds, that housing poultry in cage production systems has been prohibited in recent years and that there are positive effects associated with using yeast autolysate as a prebiotic, it is therefore recommended that a free-range production system is being used for partridge breeding with the addition of 1% yeast autolysate to the diet of the birds.
